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In the design of steel buildings, the "Allowable Stress
Criteria" have long been used for the design of cold-formed
steel structural members in the United States (1), Canada (2)
and other countries (3). Even though the theoretical concepts
of risk and reliability analyses have been available for some
t . (8-10) , "lme and the slgnlflcance of such concepts in struc-
turalsafety and design is well recognized, the probabilistic
method has not been explicitly adopted as a basis for the
American design standard for steel structures. In view of
the fact that the mathematical theory of probability, which
has been so successfully applied in other fields of
engineering, would seem to be equally applicable to cold-
formed steel design by providing a more uniform degree of
structural safety, the "Limit States Design", which lS based
on the probabilistic concept, was introduced in the Canadian
Standard on the Design of Cold-Formed Steel Structural
Members in 1974 as an alternate to existing procedures for
d ' lIt' f b 'ld' st-nuctu-nes (4-7). R tleSlgn ca cu a lons a Ul lng L L ecen y,
the "Load and Resistance Factor Design Criteria for Steel
Buildings" have also been studied by T.V. Galambos and
M.K. Ravindra (11,12) However, this study deals only with
the design of hot-rolled shapes and built-up members fabri-
cated from steel plates that are currently designed on the
S 'f' , (13)basis of the AISC pecl lcatlon .
In order to develop the new design criteria for cold-
formed steel structural members based on the probabilistic
2approach, a research project entitled "Load and Resistance
Factor Design of Cold-Formed Steel" was initiated in
January 1976. This study is being conducted by Trinh Ngoc
Rang under the direction of Wei-Wen Yu. Ted V. Galambos and
M.K. Ravindra are the consultants for the first phase of the
project.
This progress report contains a description of the
objective and the planned program in Article II. The progress
that has been made on the development of the load and resis-
tance factor design of cold-formed steel is discussed in
Article III. Article IV deals with the plans for future
studies. This report 1S a revision of the First Progress
Report dated June, 1976.
This investigation was conducted under the sponsorship
of American Iron and Steel Institute. The technical guidances
provided by our consultant, Dr. M.K. Ravindra, the AISI Task
Group on Load and Resistance Factor Design (K.H. Klippstein,
Chairman, D.H. Hall, R.B. Matlock, and D.S. Wolford, members),
the advisors for the AISI Task Group (R. Bjorhovde, N.C. Lind,
F.J. Phillips, C.W. Pinkham, and G. Winter) and the AISI
Staff (A.L. Johnson and D.P. Cassidy) are gratefully acknow-
ledged. Thanks are also due to J.H. Senne for his advice
during the project.
Special thanks are extended to Mrs. Sandra Palmer and
Sue Salomon for typing this report.
3II. OBJECTIVE AND PLANNED PROGRAM
The objective of the present research project is to
develop load and resistance factor design (LRFD) criteria
for the design of cold-formed steel structural members.
Separate resistance and load factors are to be applied to
nominal resistance and specified loads to ensure that a
limit state is not exceeded. These factors reflect the
uncertainties of analysis, design, loading, material pro-
perties, and fabrication. They are to be derived on the
basis of the first order probabilistic approach by using
only the mean and coefficient of variation of random
variables.
The first phase of study has dealt with the review of
existing LRFD formats and the calibration of the AISI formulas
for the utilization of cold work of forming and the effective
design width. In the future phases of the investigation,
when test data are sufficiently collected, the calibration
will be applied to flexural members, compression members,
and connections.
4III. RESEARCH ACTIVITIES
Since January 1976, the research activities have been
concentrated on a review of the existing LRFD formats and
the development of statistical data for calibration of the
AISI formulas for utilization of cold work of forming and
the effective design width.
In the initial period of investigation, the following
activities have been carried out:
1. Review of the ~entative format for design of
hot-rolled shapes and the Canadian Standard,
CSA S-136, 1974.
2. Study of the variation of safety index versus
dead to live load ratio.
3. Study of the effects of dimensional tolerances
and variation of mechanical properties on beam
strength.
4. Calibration of the AISI formula for utilization
of cold work of forming (Section 3.1.1 of the
AISI Specification) on the basis of 103 tensile
tests of corners and 5 tests of full sections
reported in Cornell Bulletin No. 70_1.(28)
5. Calibration of the AISI effective design width
formula (Section 2.3.1.1 of the AISI Specification).
5111.1. Review of Existing LRFD Formats
Numerous technical papers and research reports related
to the probabilistic analysis and design have been collected
. (14-23)
and revlewed . These publications are primarily
concerned with the reliability-based design. The tentative
format proposed for the design of hot-rolled shapes (12) and
th C d . 1" t d' ( 4 ) b ..e ana lan lml states eSlgn have een studled ln
detail.
(A) Tentative Format for Design of Hot-Rolled Shapes
Load and resistance factor design criteria for hot-rolled
members have been developed for use as a rational alternative
to the presently used design procedures. These factors
reflect the uncertainties of load effects, material properties,
design, and fabrication. This format may be summarized as
follows:
The nominal resistance and the nominal load effects are
related in Eq. (1.1):
(1.1 )
In the above equation, the right side represents a sum of the
load effects due to dead, live, wind, seismic and temperature
loads whichever is applicable while the left side relates to
the resistance of the structural member; ~ is a resistance
factor, R
n
is the nominal resistance, Yk is a load factor and
Q
nk is the nominal load effect for the load type k.
The actual member resistance, R, can be assumed to be
of the following product form:
R = R MFP
n (1.2)
6
where M, F, and P are random variables which represent the
uncertainties in the material strength, fabrication, and
design assumptions. Because these random variables are
assumed to be statistically independent, the coefficient of
variation of ~he random variable, R, is
Y = 1~2 + y2 + y2R M F P' (1.3)
The load effect, Q, for the combined dead and live loads
is assumed to have the form
(1.4)
where D and L are random variables representing the dead and
live load intensities respectively, cD and c L are ~eterministic
influence coefficients, which transform the load intensities
to load effects, Band C are random variables reflecting the
uncertainties in the transformation of loads into the load
effects, and A is a random variable representing the uncer-







and Cm' and the corresponding
coefficients of variation are YD' VL , VA' VB' and Vc respec-
tively. Consequently, the coefficient of variation, YQ,
can be determined as follows:
(1.5)
7The probability of failure 1S shown 1n Fig. 1., i.e,
PF = P{R<Q}. ( 1 . 6 )
To calculate the probability of failure, one requires know-
ledge of the distribution curve. If Rand Q are assumed to
be log-normal, the calculated probability of failure, PF'
1S the area under the normal curve beyond B standard
deviations from the mean (Fig. 2) where B is the safety index
which can be determined as follows:
B =
In(Rm/Qm)
iv2 + V2R Q
( 1 . 7 )
Equation (1.7) can be rearranged and expressed as a first-
order probabilistic design criterion,
R > 0Q ( 1 . 8 )m - m'
where 0 , the central safety factor, 1S g1ven by Eq. ( 1 . 9 ) :
0 = exp ( B ~~+ V2 ) ( 1 .9)Q
It can be seen that the central safety factor combines the
uncertainties of both the resistance and the load effects.
1he central safety factor can be separated into two types of
factors: the resistance factors, ¢, for different structural
members, which can be determined independently of the loading
uncertainties, and the load factors, y, on different loads,
which can be evaluated independently of each other and of the
type of structural member. For the square root term 1n
Eq. (1.9), Lind (25) proposed the following linear
8approximation:
Iv~ + v~ = (1.10)
where a is a constant which equals 0.75.
Galambos and Ravindra (12), after a series of trials,






or ~Rn > (1.11)
R
~ = resistance factor = (R:) exp'(-a8VR) (1.12)
YA = a factor accounting for the uncertainties of
structural analysis = exp (aSVA)
YD = load factor for dead load = 1 + as Iv~





(B) Canadian Limit States Design Format
The Canadian standards for buildings utilize the limit
states design philosophy with common safety and serviceability
criteria for all materials and types of construction. The
CSA Standard S-136, 1974 provides a limit states design option,
9in conjunction with design loads and load factors specified
in the 1975 National Building Code of Canada (30,31).
The Limit States Design option (Refs. 5, 22 and 24) in




~ = performance factor for each material and
limit state
R = nominal resistance of the structural element
y = importance factor to account for the use and
occupancy of the structure; for normal occupancy
and use, y = 1.00
aD' aL' a W' aE and aT = load factors on dead (D),
live (L), wind (W), seismic (E) and
temperature (T) loads.
~ = combination factor to account for the reduced
probability of simultaneous occurrence of
maximum loads. ~ is taken as 1.00 for one load
in the brackets, as 0.70 for two loads and 0.60
for three loads within the brackets.
The selection of code parameters ~, y, aD' aL' .. ., and
~ is based on a calibration to current design codes for
different materials. The procedure for this selection is
as follows:
10
(1) For each limit state for the structural material
(e.g., cold-formed steel under yielding), the safety index
values implied in the code for all design situations (known
as points in data space) are calculated. A design situation
is characterized by a set of particular values for the-ratios
of dead to live loads and wind to dead loads. The value of
safety index 6 is determined by using the formula identical to
Eq. (1.7) which is used in the LRFD format. A weighted average
value of safety index, 6 ,is found for the structural material
avg
for the limit state under consideration
6 = E f.6.
avg 1. 1. (1.17)
where f. is the weighting factor based on the frequency of
1
occurrence of the specific design situation.
(2) From an analysis of the 6avg values for different
materials under different limit states, select representative
"target" 6 values for different limit states as constants
for all structural members, e.g., flexural and tension,
6 = 4.00; compression, 6- = 4.75; and shear, 6 = 4.25.
The evaluation of ~, aD' a L , a W ... 1S carried out by
using the code optimization procedure. For a selected set
of aD' a L , aW and ~ and for a given material under a particular
limit state, find the implied value of the safety index,
denoted b, for the new code at a given data point. An objec-











The minimization of Z results in optimal values of aD) aL)
aw and <jl.
(4) The above procedure has been applied to derive the
optimal values of eleven code parameters including three
load factors (aD) a L and QW) and eight performance factors









Compression parallel to grain





With these code parameters) the design criteria become:
and
<jlR > 1.25D + 1.50L
<jlR > 1.25D + 0.70(1.50L + 1.50W)
(1.19)
(1.20)
The following performance factor values for cold-formed steel
construction have been obtained:
Yielding <t> = 0.90
Lateral buckling and torsional
flexural buckling <t> = 0.75
Web crippling
-single unreinforced webs <t> = 0.78
-other webs <t> = 0.65
Connections <jl = 0.60
The advantage of this calibration procedure over the
12
LRFD format are (a) it avoids the use of separation function
and (b) different load factors (for the same load) will not
result from the use of different safety index values.
The reasoning behind the preference for LRFD approach
over the National Building ·Code of Canada procedure in the
developing design criteria for cold-formed steel is explained
below:
(1) The calibration scheme of NBCC can be implemented
by a central code committee charged to develop universal load
factors. The ANSI A.58 Load Factors Committee is perhaps
such a body.
(2) The information that will be generated in the LRFD
cold-formed steel project (i.e., mean and coefficient of
variation of resistance of structural elements under different
limit states) may be used by this ANSI committee in developing
load factors.
(3) Calibration studies carried out to date indicate that
the safety index values implied in current material codes
(e.g., hot-rolled steel, cold-formed steel and reinforced
concrete) range between 2.5 and 3.5. Therefore the use of a
single value of S = 3.0 resulting in load factors independent
of the structural material is feasible. This meets the stated
objective of the Canadian effort.
(4) The separation function used in LRFD format (i.e.,
a = 0.55) is derived by a code optimization procedure similar
to that in the NBCC approach, in that the frequency of
occurrence of different design situations (expressed as the
13
ratios of dead to live load or wind load effects) was
considered.
(5) If the safety index value a to be used is different
from the reference value (say, a = 3.0), the load factors
may be maintained the same as for a reference value of a
and the difference in a may be reflected in the resistance
factor for the particular limit state.
(6) The LRFD format is more flexible. The load and
resistance factors are explicitly expressed as functions of
a and coefficients of variation. The load combination
formulated herein clearly reflects the time - varying nature
of loads such as wind and earthquake.
14
111.2. Effects of Dimensional Tolerances and Variation
of Mechanical Properties on Beam Resistance
In the determination of beam resistance, R, the actual
moment capacity of a laterally supported beam can be computed
by the following equation:
M
R=M = {S )(F )( test) = (Sx){Fya){P)
x ya Mpred
(2.l)
ratio of (Mt tiM d)·es pre
given below:
in which Sx is the section modulus, Fya is the average yield
point of steel, Mtest is the moment capacity observed in tests,
and Mpred is the predicted bending moment.
From Eq. (2.l), it can be seen that the beam resistance,
R, is affected by three different components, S ,F and the
x ya
A discussion of these variables is
(I) The section modulus, S , is based on the dimensionsx
of the cross section of the beam. For a typical I-section
and a hat section, shown in Figs. 3 and 4, the vaule of Sx
is a function of thickness of steel, t; overall width, B;
effective width of the compression flange, b; overall depth,
D; the depth of simple lip, d; and inside bend radius, R,i.e.
S = f[t, B (or b), D, d, R] (2.2)
x
(2) The average yield point of steel can be determined
by two approaches: (a) when cold work of forming is neglected,
the tensile yield point of virgin steel, Fy ' is used as Fya '
(b) when cold work of forming is considered, the average
15
yield point, Fya ' is computed from the yield point of the
corner, F ,the yield point of the flats, F and the ~atJ.·oyc yf' ~.
of the corner area to the full flange area of the flexural
member, C. i.e.,
(3) The ratio of (Mtest/Mpred) reflects the accuracy
of the assumptions and equations used in the prediction.
In order to study the effects of the dimensional tol-
erances on the beam resistance, the section . modulus of the
following four types of beam sections have been evaluated on
the basis of the arbitrarily selected cross-sectional dimen-
sions with assumed coefficients of variation:
(a) an I-Section whose compression flange J.S fully
effective, (i.e., wIt s (w/t)lim)'
(b) an I-Section with a wIt ratio of the compression
flange larger than (w/t)lim'
(c) a hat section whose compression flange is fully
effective, (i.e., wIt ~ (w/t)lim)' and
(d) a hat section with a wIt ratio of the compression
flange larger than (w/t)lim·
The cross-sectional dimensions of the beam sections used in
this sensitivity study are given in Tables l.a through l.d.
All symbols used for the dimensions of an I-Section and a
hat section are shown in Figs. 3 and 4, respectively.
In Table 1, the mean values listed for all cross-sec-
tional dimensions (t,B,n,d and R) are nominal values. Their
16
coefficients of variation (V) were determined as follows:
For material thickness, t
Vt = (standard deviation) I (mean)
Details of the statistical analysis are given
in Ref. 43.
For flange width, B, overall depth, D, and dimension d
V = (tolerance) I (mean)
For this case the tolerances used for B, D
and d in this study are given in the footnotes
of Table 1. These values are selected from
Ref. 44.
For inside bend radius, R
where VR/t = 0.20 and Vt = 0.05
The values of section modulus, Sx' given in Table 1 were
computed on the basis of the nominal dimensions. The in-
fluences of t, B, D, d and R on section modulus were eval-
uated individually by using the corresponding value of (V)
for the given variables. For example, in Table l.a, the value
of (V) = 0.050 for material thickness alone will result ln
a (V) value of 0.047 for the computed section modulus by
using the following equation for Vs due to thickness t:
x
(2.4)
The similar approach was used for other variables.
The overall coefficient of variation of the section mod-
ulus due to all cross-sectional dimensions can be computed
17
by Eq. (2.5) •
(2.5)
All variables and their derivatives of S are evaluated at
x
the mean values. The above computed value is considered to
be the coefficient of variation of the fabrication factor,
VF • On the basis of the assumed coefficients of variation
for various dimensions as given in Table 1, the numerical
value of iF is approximately 0.06.
assumed mean value of F is 1.10 .times the spec-y
0'
A~so listed in Table 1 are numerical values of F ,
Y
For the purpose of-~ this -particu-lar sensitivityF and C.yc
study, the
ified minimum yield point. Its corresponding coefficient of
variation is based on the statistical analysis of 453 tensile
(43)
coupon tests. The values of C and Fyc are computed on the
basis of Section 3.1.1.1 of the 1968 Edition of the AISI Speci-
fication and F = 48 ksi. Their coefficients of variation
u
for C and F are assumed to be 0.20 and 0.15, respectively.yc
See Article 111.4 of this report for detailed discussions.
The coefficient of variation for the ratio of (Mtest/Mpred)
1S based on Article 111.5 of this report.
The average yield points of steel, Fya' given in Table
1 were computed by Eq. (2.3), in which Fyf = F . The coef-y
ficients of variation for the average yield point were eval-
uated by using the assumed values of coefficient of yariation
18
for the given variables. For example, in Table la, the value
of Vc = 0.20 for the value of C alone will result in a VFya
v.alue of 0.014 for the computed average yield point of steel
by using the following equation:
(V ) = ~ aFyaFya C E ya (ae ) eVe ( 2 .6)
Based on the assumed mean values and coefficients of
variation, the following observations may be made:
(1) For the variations of dimensions of a cross section,
the section modulus of the beam is mostly affected by the
thickness of the steel. The overall depth, the overall width
of the top and bottom flanges affect the section modulus
to some degree, but the section modulus is not sensitive
to the variation of the depth of simple lips and the in-
side bend radius.
(2) For the variation of mechanical properties of the
steel, the yield point of virgin material affects considerably
the average yield point of steel. When the cold work of
forming is considered, the variations of F and e slightlyyc
affect the strength of the beam. See Article III.4 of this
report for a detailed discussion of the effect of cold work
of forming.
(3) The actual bending moment is directly affected by
the ratio of the tested to predicted moment capacities. The
coefficient of variation of the bending moment capacity due
to the professional factor alone is the same as the coef-
ficient of variation of the ratio (Mtest/Mpred)·
20
111.3. Study of the Variation of Safety Index Versus
Dead to Live Load Ratio
In the development of load and resistance factors for
the design of hot-rolled shapes, Galambos and Ravindra used
the concept of a tributary area to determine the load
supported by beams, girders and columns.(12) Since the
application of cold-formed members are found more in
residential and commercial buildings with much smaller
tributary areas than hot-rolled shapes, no reduction of live
load was considered in this study.
As discussed in Article 111.1, the safety index of a
structural member can be determined by Eq. (1.7), in which
the mean resistance, R
m
, can be computed by the following
equation:
R = R M F P
m n m m m
(3.1)
In the above equation, M ,F and P are mean values of
m m m
dimensionless random variables reflecting the uncertainties
in material properties, the geometry of the cross-section and
the design assumptions. Because Rn is the nominal resistance
determined on the basis of the current design specification
with its appropriate safety factor (SF), Eq. (3.1) can be
written in the following form:
( 3. 2)





are mean values of dead and live loads. Because
21
of the use of relatively small tributary areas for cold-
formed steel members, the mean values of dead and live loads,
Dm and Lm, may be assumed to be the specified values of D
c
and Lc respectively. Therefore, the mean value of the resis-
tance is
Rm = (SF)(cDD + cLL ) M F Pc c m m m (3.3)
The mean value of load effects can be determined from
Eq. (1.4) by assuming C
m




= 1.0 and cD = c L '
the coefficient of variation of the load effect may be computed
by Eq. (3.5)
(D /L )2 + 2(D /L ) + 1
c c c c
( 3. 5)
In this equation, VA' VB' VC' VD and VL are coefficients of
variation reflecting the uncertainties in the structural
analysis (A), live load random variable (B), dead load random
variable (C), dead load (D) and live load (L), respectively.
In order to study the variations of the safety index
affected by the dead to live load ratios, the following mean








= 1.00, Vp = 0.10,m
Am = 1.00, VA = 0.05,
Vc = 0.04, VD = 0.04,
VB = 0.10, VL = 0.13.
Substituting the above numerical values into Eqs. (1.3), (3.3),
(3.4) and (3.5) for a selected dead to live load ratio, the
value of e can be computed by using Eq. (1.7). For example,
if D IL = 1/3, f3 = 2.95. Fig. 5 shows the variations ofc c
safety index versus DelLe ratios for VM = 0.10 (neglecting
the effect of cold work of forming) and V - 0.12 (consideringM -
the effect of cold work of forming) .
23
111.4. Calibration of the AISI Formula for Utilization
of Cold Work of Forming
In Section 3.1.1.1(iii) of the AISI Specification, (1)
it is specified that the yield point of axially loaded
compression members when Q equals unity, and the flanges of
flexural members whose proportions are such that when treated
as compression members the quantity Q (Section 3.6.1.1) is
unity shall be computed as follows:
F = CF +' (l-C)F fya yc y (4.1)
( 4 • 3 )
( 4 . 4 )
where F = average tensile yield point of the full section ofya
compression members, or full flange sections of
flexural members, ksi
C = ratio of the total corner area to the total cross-
sectional area of the full section of compression
members, or full flange sections of flexural
members.
F = tensile yield point of corners, ksi = Bc F I(R/t)myc y(4.2)
F
yf
= weighted average tensile yield point of the flat
portions established in accordance with Section
6.3.2 of the AISI Specification or virgin yield
point if tests are not made.
B
c
= 3.69 F IF - 0.819 (F IFy )2 - 1.79u Y u
m = 0.192 (F IF ) - 0.068
u y
R = inside bend radius, in.
F
y
= tensile yield point of virgin steel specified by





= ultimate tensile strength of virgin steel specified
by Section 1.2 or established in accordance with
Section 6.3.3, ksi
The mean value of F can be obtained from Eq. (4.5).ya
(4.5)
in which the subscript m indicates the mean value of the
corresponding quantity.
The coefficient of variation of F 1S:ya
(4.6)
Based on the statistical analysis of 4225 test values
on mechanical properties of various types of steels
(43)
discussed in the Second Progress Report, the following
values were used as a basis for calibration of the AISI
formula for utilization of cold work of forming:
(F) = 1. 10 Fy 'Y m







( 4 • 7 )









V jv 2 V2F IF = F + F
u Y Y u
= 0.13
Assuming that (B) = Be' Eq. (4.3) gives:c m
1 F F
= B [3.S9-1.S38(Fu )] (Fu ) VF IF




For variations of F IF from 1.2 to 2 . 0 , the values of VBu Y c
vary from 0.17 to 0.04. For the usual range of Fu/F y between
1.4 and 1.8, VB can be taken as 0.10.
c
Based on Eq. (4.4), the coefficient of variation of
the value m .is
F
0.192(Fu )VF IFy u Y
F
0.192(Fu ) - 0.OS8
y
(4.12)
For F IF = 1.2 to 2.0 the values of V
m
vary from 0.17 to 0.15.u y
For simplicity, V may be taken as o.1S.
m
For beams having stiffened flanges whose proportions are
such that when treated as compression members, the quantity Q
is unity, the ratio C may be computed from Eq. (4.13)
C = 2J1.w + 2J1. (4.13)
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in which, 1 = length of the corner and w = flat-width of the
element. See Fig. 4.





- (171 I /0 . 6F' j + 3. 14 (R' It)y
(4.14)
(4.15)
in which, R' = R + t/2. Based on the R'/t ratio generally'
used in the AISI Design Manual (i.e., R'/t = 1.75 to 2.29),
the minimum value of C according to Eq. (4.15) are 0.13 and
0.16 for R'/t = 1.75 and 2.29, respectively. These C values




= 0.20 and Vc = 0.20.
The mean value and the coefficient of variation of




= (test) [ c ]






Let VR/t = 0.2, the values of (test/pred)m and Vtestlpred
were obtained from 103 tensile tests of corners reported in






Use Vp IF = 0.13 in thisyc y
The value of VF IF can be computed for various valuesyc y
of R/t. For variations of R/t from 1 to 3, the values of
VF IF vary from 0.12 to 0.14.yc Y
study.
Finally, Eqs. (4.5) and (4.6) give the mean value and
coefficient of variation of the average tensile yield point
of a structural member. Some of the computed values of
(P ) and VF are listed as follows:ya m ya
F IF F IF P IF Vp
u Y yc Y ya Y ya
1.2 1.30 1.17 0.11
1.4 1.51 1.21 0.11
1.6 1.71 1. 26 0.11
1.8 1.81 1.28 0.11
VBased on the above study, Fya can be taken as 0.11
It should be noted that for the full section tensile
tests, Eq. (4.5) may be revised as follows:
(4.19)
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. (F )predya m
v
= 0.99 and test/pred = 0.02




amd Fyf are perfectly correlated, i.e.,
Fyc = KFyf
(4.21)
The average yield point of steel in Eq. (4.1) can be
computed as follows:
Fya = (KC + 1 - C) Fyf
where K is a deterministic quantity.
(4.22)
The coefficient of variation of







and Fu/Fy = 1.6, then K = Fyc/Fy = 1.71.
By using C
m
= 0.20, V = 0.20 and VF = 0.10, the numericalc y
value of VF is:ya
29
1 + 1 1 ] ~
0.20(1.71-1)
= 0.103
which is about the same as the value used on page 26.
Based on the above discussion, the following values of
coefficients of variation may be used for mechanical
properties:
(a) For virgin yield point:
(Fy)m = 1.10 F
VF = 0.10y' y
(b) For virgin ultimate tensile strength:
(Fu)m = 1.10 F
VF = 0.08u' u
(c) For average tensile yield point of a section
by considering the effect of cold work:
(F ) = 1.10 Fya m ya,
VF = O.l:tya
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III. 5 Calibration of the AISI Effective Width Design
Formula
The objective of this Article is to determine the safety
index for stiffened compression elements by calibrating the
AISI effective width design formula. In this process, the mean
values and coefficients of variation were obtained from the
statistical analyses of the test data on mechanical proper-
ties, ultimate moments of beams, and failure loads of stub
columns and thin plates.
By using the first order probabilistic theory, the value
of safety index, 8, is computed by Eq. (5.1).
In the computation of R (Eq. 3.3), Q (Eq. 3.4), VR (Eq. 1.3)m m
and VQ (Eq. 3.5), the following mean values and coefficients
of variation were used:
Mm = 1.10 VM = 0.10
Fm = 1.00 VF = 0.06
~ = 1.00 VA = 0.05
Vc = 0.04 VD = 0.04
VB = 0.10 VL = 0.13
Among the above listed values, Mm and VM are based on
f 4225 tensl.·le coupon tests(43).the statistical analyses 0
Others are the same as those used and justified in Ref. 12.
The values of P and V are given in Table 5.
m p
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In the calibration, the tested ultimate moments for
beams, (Mu)test,were obtained from Refs. 33 through 39,
the failure compressive loads for columns and thin plates,
(Pu)test ' were computed from Refs. 40 through 42. The
predicted values of (M) d and (P) d were computed
u pre u pre
as follows:
(M ) =






(M ) = predicted ultimate moment of a beam having
u pred
stiffened compression flanges.




= yield point of steel measured in the test
A
eff
= effective area of the cross section
S = section modulus about x-axis calculated
xl
on the basis of the effective design width
of the compression flange
The effective widths, b, of the compression elements were
determined ln accordance with Section 2.3.1.1 of the 1968
Edition of the AISI Specification, i.e.
Flanges are fully effective, (b=w) up to (w/t)lim =
171/ If
For flanges with wit larger than (w/t)lim
* Overall column buckling was not considered because the
slenderness ratios range from 10 to 32 and no overall
buckling was observed in the tests.
~ = 2 53 [ 1 _55.:. 3 1
If (wit) If (5.5)
In the above equations, wit = flat width ratio, b = ef-
fective width and f = actual stress in the compression ele-
ment computed on the basis of effective design width. The
tested and predicted ultimate moments are listed in Tables
3a, 3b, and 3c for 43 beams. The tested and predicted fail-
ure loads are listed in Tables 4a, 4b, and 4c for 44 columns.
Based on these tested and predicted values, the mean values
of the professional factor, Pm' and their coefficients of
variation, V , were computed and summarized in Table 5.p
Six different cases have been studied according to the types
of structural members (i.e., beams and columns) and the
ranges of wit ratios.
Consequently, the mean resistance, R , and its coef-m
ficient of variation, VR, of the structural members having
stiffened compression flanges can be computed by Eqs. (3.3)
and (1.3) for a given set of dead to live load ratios.
Substituting these values into Eq. (5.1), the safety
index, S, can be computed. The ranges for S for various
stiffened compression elements are listed in Table 5 for
DclL
c
= 0.1 to 3.0. It can be seen that in general a re-
latively low value of S occurs at the range of the wit
ratios between (w/t)l. and 80 for beam flanges.
~m
The following shows a detailed determination of S for
the case given in Table 5 for stub columns and thin plates with






= [ u test] [(p) ]






u test = P = 1.08, and[(P) ] m
u pred m
Vtest/pred = Vp = 0.10
The value of [(P) d] can be determined as follows:
u pre m
ln which, (Aeff)m is the mean effective area determined for
the actually measured dimensions, the effective width is
computed by Eq. (5.5), and (F) is obtained from a statisticaly m
analysis. Since the uncertainty involved in the effective
width formula is included in the test-to-prediction ratio, the
additional uncertainty is the variation of the dimensions, mainly
the thickness t. On the basis of the study of dimensional pro-
perties given ln Ref. 12 and the data to be presented in the
subsequent progress reports of this research project, it was
decided that the following values be used in this study:
F
m
= 1.0, VF = 0.06, (Fy)m = 1.10 Fy ' Mm = 1.10 and VFy
= VM·
= 0.10
The mean resistance and the coefficient of variation are
R
m
= (P)t t[ u es](P )
u pred m
= 0.15
( 5 • 8 )
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The mean load effect Q
m
and the coefficient of variation,
VQ, are determined by using Eqs. (1.4) and (1.5) for the
following selected data for Am' Bm, em' Dm, VA' VB' Ve , and
VD•
A = 1.00, VA = 0.05m
B = 1.00, VB = 0.10m
e = 1.00, Ve = 0.04m
D = 1.00, VD = 0.04m
By uSlng cD = c L = c and D/L =
1/3,
then = cL(l + 1/3)
0.13
According to the AISI Specification, the required allowable
capacity is 0.6(A ffF) . 1 = cL(l + 1/3). i.e.
e y nomlna
(A ffF) . 1 = cL(l + 1/3)/0.6
e y nomlna
By substituting the above quantity into Eq. (5.8),
R = (1.08)(1.10) cL(l + 1/3)
mO.6
3.40











Since the initiation of the project, the research
activity on LRFD included: (1) a review of the existing
formats, (2) a study of the effects of dimensional tolerances
and variation of mechanical properties on beam strength,
(3) an investigation of the variation of the safety index
affected by the dead to live load ratio, and (4) a develop-
ment of the procedures and methods to be used for calibrating
the AISI formulas for utilization of cold work and effective
design width.
Based on the available test data on mechanical proper-
ties, thickness of steel, ultimate moments of beams and
failure loads of columns and thin plates, the preliminary
research findings are presented in this report. It should
be noted that due to lack of statistical data on geometrical
tolerances, the mean value and coefficient of variation of
the fabrication factor were arbitrarily selected from past
experience and engineering judgement.
Values of safety index for various cases of stiffened
compression elements have been evaluated and presented in
this report. The selection of S and determination of the
resistance factor, ¢, will be made at a later date after
other design provisions are calibrated.
IV. FUTURE STUDY
With regard to the future study, it is planned to
advance the work according to the time schedule presented
in the proposal.
In the near future, it is planned to carry out the
following investigations:
(1) Collect and analyze the available data on mech-
anical properties and thickness of steel.
(2) Calibrate the AISI design provisions for local
buckling of unstiffened compression elements.
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Random variable reflecting the uncertainties in
structural analysis
Mean of random variable A
Random variable reflecting the uncertainties in the
transformation of live loads into live load effects
Mean of random variable B
Effective design width
Random variable reflecting the uncertainties in the
transformation of dead loads into dead load effects
Ratio of the total corner area to the total cross-
sectional area of the full section of compression mem-
bers or full flange section of flexural members
Deterministic influence coefficients translating load
intensities to load effects; subscripts D and L denote
dead and live load, respectively.
Random variable characterizing dead load
Specified dead load intensity
Mean value of dead load
Seismic load
Fabrication factor, random variable representing
uncertainties in fabrication
Mean value of random variable F
Specified ultimate tensile strength of steel sheet
Specified yield point of steel
Average yield point
Tensile yield point of corners
Yield point of flats
Weighting factor
Random variable characterizing live load





Mean value of live load
~ Length of the corner
M Material factor, random variable characterizing the un-
certainties in material strength




P Professional factor, random variable reflecting the
uncertainties in design assumptions
Pm Mean value of random variable P
PF Probability of failure
Q Load effect
Qm Mean value of Q
Qn Nominal load effect
R Member resistance or inside bend radius
Rm Mean resistance of a structural member
Rn Nominal resistance of a structural member
SF Factor of safety
Sx Section modulus
t Steel thickness
V Coefficient of variation, subscripts denoting various types
according to load, material, fabriaction, resistance, etc.
w Flat width of element exclusive of fillets
a Constant in square root approximation equal to 0:55; load
factor, subscripts denoting various types accordlng to dead,
live, wind, seismic and temperature.
S Safety index
Savg Weighted average value of safety index
y Importance factor








Ultimate tensile strength of steel sheets




Effects of Geometrical Tolerances and Variation
of Mechanical Properties on the Beam Strength of
an I-Section with w/t s (w/t)l' (Including the
Cold Work of FormlWg)
Variable Component
Mean V Mean V
t 0.105 in. 0.050 0.047
B 3.50 in. 0.018* 0.004
0.006* S 3 0.014D 10.00 in. 11.4 in.
x
d 0.90 in. 0.035** 0.004
R 0.1875 in 0.194 0.006
F 36.30 ksi 0.100 0.083y
F 59.24 ksi 0.150 F 38.9 ksi 0.026yc ya
C 0.1145 0.200 0.014
/M 1.00 0.100 P 1.00 0.100test pred
44
See Fig. 3 for dimensiqns of an I-Section
*Based on a tolerance of 1/16-in.
**Based on a tolerance of 1/32-in.
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Table l;b
Effects of Geometrical Tolerances and Variation
of Mechanical Properties on the Beam Strength of
an I-Section with wit > (wit) lim
Variable Component
Mean V Mean V
t 0.075 in. 0.050 0.048
B 3.50 in. 0.021* 0.004
3 0.016D 10.00 in. 0.006* S 8.01 in.x
d 0.70 in. 0.045** 0.004
R 0.0938 in 0.194 0.003
F 36.3ksi 0.100 F 36.3ksi 0.100y ya
1M 1.00 0.100 P 1.00 0.100test predM
See Fig. 3 for dimensions of an I-Section.
*Based on a tolerance of 1/16 in.
**Based on a tolerance of 1/32 in.
46
Table I.e
Effects of Geometrical Tolerances and Variation
of Mechanical Properties on the Beam Strength of
a Hat Section with wit s (W/t)lim (Including the
Cold Work of Form ng)
Variable Component
Mean V Mean V
t 0.105 in. 0.050 0.044
B 3.00 in. 0.021* 0.003
0.021* S 3 0.029D 3.00 in. 0.992 in.
x
d 1. 34 in. 0.023** 0.015
R 0.1875 in. 0.194 0.001
F 36.30 ksi 0.100 0.080y
F 59.24 ksi 0.150 F 39.40 ksi 0.031yc ya
C 0.1350 0.200 0.015
1M 1.00 0.100 P 1.00 0.100test predM
See Fig. 4 for dimensions of a hat section
*Based on a tolerance of 1/16 in.
**Based on a tolerance of 1/32 in.
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Table l.d
Effects of Geometrical Tolerances and Variation
of Mechanical Properties on the Beam Strength of
a Hat Section with wIt> {w/t)l'
l.m
Variable Component
Mean V Mean V
t 0.075 in. 0.050 0.048
B 8.00 in. 0.008* 0.002
3 0.013D 8.00 in. 0.008* S 2.86 in.
x
d 0.915 in. 0.034** 0.010
R 0.0938 in 0.194 0.001
F 36.3ksi 0.100 F 36.3ksi 0.100y ya
1M 1.00 0.100 P 1.00 0.100test predM
See Fig. 4 for dimensions of a hat section
*Based on a tolerance of 1/16 in.
**Based on a tolerance of 1/32 in.
Table 2
Full Section Tests Used for Calibration of
the AISI Formula on Cold Work Effect*
F F F (Fya)pred (Fya) test (Fya) testSpecimen y u R/t C yc
(ksi) (ksi) (ksi) (ksi) (ksi) (Fya)pred
CRK16-38.3 38.3 51.1 1.05 0.082 63.5 40.0 39.4 0.9850
HRSK16-37.5 37.5 49.0 1.00 0.082 61.2 41.5 42.5 1.0241
HRSK16-37.5 37.5 49.0 1.49 0.170 56.9 46.0 45.6 0.9913
HRSK10-37.0 37.0 57.5 0.89 0.148 74.7 49.9 47.8 0.9579
HRSK9-30.7 30.7 52.9 1.48 0.307 59.1 50.6 50.0 0.9881
Mean = 0.9893
V = 0.0238




Comparison of Tested and Predicted Ultimate Moments of Cold-Formed Steel Beams
Having Stiffened Compression Flanges with wit ~ (w/t)l"
~m
(w/t)l" F (Mu)~red (Mu) test (Mu) test Cross Source forSpecimen wit y~m (M)pred Section test data(ksi) (in.-kips) (In.-kips)
4-2.5-10/1 13.4 36.9 35.7 112.51 120.20 1.0683 Fig. 3 Ref. 34
6-2.5-9/1 15.8 38.4 33.1 225.85 254.70 1.1277 " "
8-3-9/1 16.0 38.4 33.1 333.15 375.00 1.1256 " "
4-2.5-12/1 17.7 37.4 35.1 91.59 108.20 1.1816 " "
8-3-12/1 22.0 36.7 36.2 279.76 291. 70 1.0427 " "
6-3-12/1 22.4 37.4 35.1 182.20 199.00 1. 0922 " "
8-4-9/1 22.5 38.4 33.1 404.34 440.00 1.0882 " "
4-2-16/1 27.6 40.4 30.2 39.40 43.10 1.0939 " "
8-4-12/.1 30.5 36.7 36.2 345.48 325.00 0.9407 " "
E1 32.2 35.9 37.9 149.31 144.00 0.9644 Fig. 6 Ref. 33
B1 35.2 36.9 35.8 210.40 268.20 1. 2747 II "4-2.5-16/1 37.1 40.2 30.2 49.42 49.20 0.9955 Fig. 3 Ref. 34
Mean p = 1.0830
Coefficient of variation mVp = 0.0819





Comparison of Tested and Predicted Ultimate Moments of Cold-Formed Steel Beams
Having Stiffened Compression Flanges with (w/t)lim < wIt ~ 80
(w!t)lim F (Mu)pred (Mu) test (Mu) test Cross Source forSpecimen wit y
(ksi) (in.-kips) (in.-kips) (Mu)pred Section test data
8-3-15/1 41.6 35.9 37.9 177 •61 153.00 0.8734 Fig. 3 Ref. 34
6-3-16/1 43.6 40.1 30.3 94.90 92.60 0.9758 " "
D1 48.3 35.9 37.9 177.71 153.00 0.8610 Fig. 6 Ref. 33
A2 48.8 36.9 35.8 238.08 266.40 1.1190 " "
G1 49.1 38.9 32.2 98.08 97.40 0.9931 II II
F-3 51.2 40.7 38.0 2.53 3.47 1. 3720 Fig. 8 Ref. 38
8-4-15/1 55.5 36.1 37.9 200.11 193.20 0.9655 Fig. 3 Ref. 34
AS304F-2 71.5 35.8 38.0 3.33 3.56 1.0687 Fig. 8 Ref. 39
C1 76.5 35.9 37.9 202.58 176.40 0.8708 Fig. 6 Ref. 33
Mean P = 1.0110
Coefficient of variation mVp = 0.1511
*The effective design width of the compression flange used for the calibration of





Comparison of Tested and Predicted Ultimate Moments of Cold Formed Steel Beams
Having Stiffened Compression Flanges with wit > 80
(wit) lim F (M)~red (Mu) test (Mu)test Cross Source forySpecimen wit (Mu)pred Section test data(ksi) (in.-kips) (in.-kips)
F1 52.7 38.9 30.7 100.96 90.54 0.9054 Fig. 6 Ref. 34
F-2 84.7 35.8 38.0 3.36 3.51 1.0444 Fig. 8 Ref. 38
16 ga 113n 85.4 41.0 31.0 21. 69 28.20 1.3003 Fig. 7 Ref. 35
16 ga 411n 93.4 42.9 27.5 17.83 19.60 1.0993 " "AS304F-3 103.0 35.8 38.0 3.61 3.84 1.0636 Fig. 8 Ref. 39
18 ga 413n 105.1 36.1 37.4 18.76 20.20 1. 0768 Fig. 7 Ref. 35
F-6a 123.0 35.8 38.0 3.38 3.91 1.1589 Fig. 8 Ref. 38
20 ga 412n 141.6 40.2 30.15 10.18 12.00 1.1784 Fig. 7 Ref. 35
AS304F-4 150.2 35.8 30.8 3.75 4.18 1.1162 Fig. 8 Ref. 39
22 ga l1Xn 150.8 43.4 25.85 8.30 8.90 1.0724 Fig. 7 Ref. 35
F-8a 153.3 35.8 38.0 3.52 4.01 1.1391 Fig. 8 Ref. 38
F-7 154.4 35.8 38.0 3.42 3.94 1.1537 " "16 ga #9w 161.5 29.3 56.85 38.55 42.50 1.1024 Fig. 7 Ref. 35
22 ga 1~3n 167.8 44.4 24.70 6.70 7.30 1.0895 " "16 ga 1~6w 169.3 22.1 47.20 31.25 37.40 1.1967 " "22 ga #In 170.1 43.5 25.75 6.72 8.30 1. 2356 " "18 ga 117w 213.6 36.8 36.05 17.77 17.90 1.0074 " "18 ga 1~6w 219.4 44.9 24.40 12.81 14.00 1.0931 " "
U"l
~
Table 3. C (Cont.)
(w/t)lim F (Mu)~red (M)test (Mu) test Cross Source forSpecimen wit y
(ksi) (in.-kips) (in.-kips) (Mu)pred Section test data
20 ga iJ7w 279.6 39.9 30.65 10.36 10.50 1.0132 Fig. 7 Ref. 35
20 ga {J8w 298.9 44.1 25.10 8.07 10.00 1.2399 " "
22 ga {J2w 334.2 41.7 28.00 7.38 7.50 1.0166 " "
22 ga fJ3w 338.9 42.0 27.65 7.30 7.60 1.0413 " "
Mean value Pm = 1.1066
Coefficient of variation Vp = 0.0797
*The effective design width of the compression flange used for the calculation of




Comparison of Tested and Predicted Failure Loads of Steel Stud Columns
and Thin Plates in Compression with wit ~ (w/t)l.1m
Specimen wit (w/t)l· F (P)~red (P)test (Pu) test Cross Source for1m y
(ksi) (kips) (kips) (Pu)pred Section test data
RA1 20.9 38.4 38.28 1033.6 1216.0 1.1765 Fig. 10 Ref. 41
WA1 21.0 40.0 35.21 864.8 1259.0 1.4558 " "
WB1 30.9 42.6 31.09 678.5 863.4 1. 2724 " "
RB1 31.4 41.8 32.34 792.3 846.9 1.0689 " "
16A 32.5 38.0 39.01 1678.0 1974.7 1.1768 " "
RC1 40.1 41.2 33.22 779.3 812.6 1.0427 " "
WCl 40.2 40.7 33.98 731.8 796.1 1.0879 " "
Mean 1.1830
Coefficient of variation 0.1126





~omparison of Tested and Predicted Failure Loads of Steel Stud Columns
and Thin Plates in Compression with (wit) 1im< wit ~ 80
Specimen wit (w/t)l· F (P)~red (Pu) test (Pu) test Cross Source for~m y
(ksi) (kips) (kips) (P)pred Section test data
17A 39.6 35.6 44.5 1512.1 1554.6 1. 0281 Fig. 10 Ref. 41
AS 43.6 40.6 40.7 96.8 96.2 0.9939 Plate Ref. 42
ACW 43.8 40.6 29.61 53.8 84.0 1. 3187 " "ASW 43.8 40.6 29.61 53.8 85.8 1.3471 " "AC 44.0 40.6 40.7 97.1 100.4 1.0342 " "
1A 44.6 35.4 45.0 1647.2 1661. 3 1.0085 Fig. 10 Ref. 41
4B 44.9 35.5 44.9 1643.0 1637.2 0.9965 " "
WT1 48.0 36.5 42.4 1663.2 1653.7 0.9943 " "
RT1 48.0 35.6 44.4 1735.5 1989.1 1.1461 " "
WD1 49.1 42.7 31.0 524.3 584.4 1.1147 " "RD1 50.0 43.6 29.7 533.5 633.9 1.1881 " "
BS 53.0 34.6 40.7 102.7 116.2 1.1314 Plate Ref. 42
BSW 53.8 44.4 28.4 73.1 77.7 1.0629 " "
BC 53.9 34.6 40.7 103.2 110.4 1.0701 " "SD11 57.3 36.7 41.9 30.6 33.9 1.1070 Fig. 9 Ref. 40
5A 59.0 37.8 39.4 908.9 875.2 0.9629 Fig. 10 Ref. 41




(w!t) lim F (Pu)pred (Pu)test (Pu) test Cross Source forSpecimen wit y (Pu)pred Section test data(kai) (kips) (kips)
2A 60.5 37.7 39.8 914.3 838.1 0.9166 Fig. 10 Ref. 41
CCW 63.3 41.3 28.6 79.0 89.7 1.1348 Plate Ref. 42
CSW 63.3 41.3 28.6 79.0 81.8 1.0357 " "
WG1 64.0 37.0 41.3 330.1 325.6 0.9863 Fig'. 10 Ref. 41
RG1 65.0 32.5 53.5 397.8 380.9 0.9574 " "
CC 66.5 34.6 40.7 108.3 130.3 1. 2029 Plate Ref. 42
CS 66.7 34.6 40.7 65.0 67.4 1.0366 " "
Mean 1.0793
Coefficient of variation 0.0969
*The effective design width of the compression flange used for the calibration of





Comparison of Tested and Predicted Failure Loads of Steel Stud Columns
and Thin Plates in Compression with wit> 80
Specimen wit .(w/ t)l· F (Pu)~red ~P) test (Pu)test Cross Source forl.m y
(ksi) (kips) (kips) (P)pred Section test data
WF3 80.2 34.5 47.5 276.0 275.6 0.9987 Fig. 10 Ref. 41
DS 80.3 34.5 40.7 112.1 120.1 1. 0718 Plate Ref. 42
RF3 80.4 32.1 54.8 305.0 318.5 1.0442 Fig. 10 Ref. 41
DeW 80.5 32.1 33.0 95.7 101.8 1.0636 Plate Ref. 42
DC 80.6 32.1 40.7 112.2 130.8 1.1660 " "
WF4 81.1 34.4 47.6 276.4 289.0 1.0455 Fig. 10 Ref. 41
DSW 81. 3 34.4 33.0 96.0 91.7 0.9549 Plate Ref. 42
3A 82.1 43.0 30.5 370.1 442.7 1.1964 Fig. 10 Ref. 41
SD21 83.2 36.7 41.9 31. 2 34.0 1.0913 Fig. 9 Ref. 40
6A 85.2 40.9 33.7 394.0 418.9 1.0633 Fig. 10 Ref. 41
SD31 117.7 36.7 41.9 31.9 36.-4 1.1401 Fig. 9 Ref. 40
SD41 152.2 36.7 41.9 32.0 35.9 1.1243 " "
Mean 1.0800
Coefficient of variation 0.0609
*The effective design width of the compression flange used for calculation of





Values of Safety Index for Stiffened Compression Elements
Vp
Range of a at No. ofCase Pm a for D/L=l/3 SpecimensD/L=O.l to 3.0
1. Beam Flanges, w/t.s; (w/t)lim 1.0830 0.0819 3.24-4.34 3.52 12
2. Beam Flanges, (w/t)lim < wIt ~ 80 1.0110 0.1511 2.50-3.01 2.66 9
3. Beam Flanges, wIt> 80 1.1066 0.0797 3.36-4.41 3.65 22
4. Columns and Thin Plates, wIt ~ (w/t)lim 1.1830 0.1126 3.44-4.32 3.70 7
5. Columns and Thin Plates, (w/t)lim< wit ~ 80 1.0793 0.0960 3.14-4.03 3.39 25
6. Columns and Thin Plates, wit> 80 1.0800 0.0609 3.34-4.49 3.65 12
c.n
-..J
oFig.l. Frequency Distributions of Load Effect
















































V =0.10 (neglect cold work)
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Fig.6. I-Section Composed of Three Channels
































Fig.9. Rectangular Box Section
-.. __ t =0.1875"to
0.6250 "
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Fig.IO. Square Box Section
